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Diagnostic value of serum levels of soluble CD40 ligand and matrix metalloproteinase-9

in carotid plaque instability in elderly patients with ischemic stroke
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[ Abstract] Objective To investigate the diagnostic value of serum soluble CD40 ligand (sCD40L) and matrix metalloproteinase-9
(MMP-9) in carotid plaque instability in the elderly patients with cerebral ischemic stroke (CIS). Methods A retrospective analysis
was made of the clinical data of 266 elderly ( =60 years old) CIS patients ( CIS group) admitted to Yantai Penglai Hospital of Tradi-
tional Chinese Medicine from August 2021 to December 2022 and 234 healthy volunteers who underwent physical examination in the
same hospital during the same period (control group). The two groups were compared in serum sCD40L and MMP-9 levels to analyze
their value in the early diagnosis of CIS. According to the carotid plaque status, the CIS group was divided into stable plaque group
(n=106) and unstable plaque group (n=160). The factors affecting plaque instability in the elderly CIS patients were analyzed, and
the diagnostic value of serum sCD40L and MMP-9 levels in the carotid plaque instability among them was investigated. SPSS statistics 20. 0
was used to analyze the data. Depending on the data type, ¢ test or X* test was used for comparison between groups. Multivariate logistic
regression was used to analyze the factors affecting carotid plaque instability in the elderly CIS patients, and the ROC curve was used to
analyze the diagnostic efficacy of serological indicators in carotid plaque instability in them. Results The serum levels of sCD40L and
MMP-9 in the CIS group were significantly higher than those in control group with statistically significant difference (P<0.05). All
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patients in the control group were plaque free, and in the CIS group, 106 patients had stable plaques and 160 patients unstable
plaques. In comparison, the unstable plaque group and the stable plaque group showed statistically significant differences in the levels
of total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), sCD40L, MMP-9, fibrinogen ( FIB) and
white blood cell count (WBC) (z=13.008, 9.511, 14.514, 20.972, 13.252, 16.344, 10.232; P<0.05). Multivariate logistic
regression analysis showed that TC (OR = 1.758, 95% CI 1.083-2.852), LDL-C (OR =2.275, 95% CI 1.045-4.954), sCD40L
(OR=1.956, 95%CI 1. 112-3.440) , and MMP-9 (OR=1.846, 95%CI 1.151-2.961) were independent risk factors of carotid
plaque instability in CIS patients (P<0.05). The area under the curve (AUC) of serum sCD40L and MMP-9 for carotid artery unstable
plaque diagnosis in elderly CIA patients was 0.967 and 0.939, respectively. Conclusion TC, LDL-C, sCD40L and MMP-9 are
independent risk factors for carotid plaque instability in CIS patients, and clinical monitoring of these indicators should be strengthened.

In addition, the monitoring of serum sCD40L and MMP-9 levels can provide an objective basis for the early diagnosis of CIA and the

assessment of carotid plaque instability in CIA patients.
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PRZE AR ) R S TR AR s AR PR SR
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TG4 E L (P>0.05); {H CIS 4 & 1l iE
sCD40L il MMP-9 /K- & 3 & TXF 4], Z R A5
P X (P<0.05;% 1),
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Table 1  Comparison of baseline data between CIS
group and control group
ltom Control group  CIS group Y21 P value
(n=234) (n=266)
Age(years, x+s) 79.12+8.48  78.46+8.68 0.858 0.392
Gender[ n(%) ] 0.563 0.453
Male 151(64.53) 163(61.28)
Female 83(35.47) 103(38.72)
Alcohol drinking[ n(%) ] 96(41.03) 110(41.35) 1.894 0.169
Smoking[ n(%) ] 158(67.52)  178(66.92) 0.021 0.886
Diabetes mellitus[ n(%) ] 78(33.33) 104(39.10) 1.787 0.181
Hyperlipidemia[ n( %) ] 51(21.79)  75(28.20) 2.706 0.099

Hypertension [ (%) ] 150(64.10)  184(69.17) 1.443 0.230

Time from onset to treatment 0.442  0.506
[(n(%)]
<6 h 151(64.53)  164(61.65)
6-24 h 83(35.47) 102(38.35)

sCD40L(ng/ml, x+s)
MMP-9( pg/LL, 3s)

2.75+0.38  4.02+0.65 26.205 <0.001
89.36+10.71 155.37+17.62 49.782 <0.001

CIS; cerebral ischemic stroke; sCD40L; soluble CD40 ligand; MMP-9.

matrix metalloproteinase-9.

2.2 WMHRAREASHRIBEAELZEAR LR
[ERCE N € | N T I N N 7R o I

T MG S S IR S CHDL-C &% = IGY I a) 25 i
s FOBR A I 21 8 K F LA, 22 5 B8 it 8 X
(P>0.05) ; BEHOAREE E 4 TC .\ TG LDL-C ,sCD40L
MMP-9 FIB ¢ WBC ¥ & & TR e 4, 2 57
At E L (P<0.05;3K2) .
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Table 2 Comparison of baseline data between stable

plaque group and unstable plaque group

Stable Unstable
Item plaque plaque X2/t P value
group group
(n=106) (n=160)
Age(years, xs) 78.12+8.86  78.69+8.15 0.558 0.577
Gender[ n(%) ] 1.682 0.195
Male 70(66. 04) 93(58.12)
Female 36(33.96) 67(41.88)
Alcohol drinking[n(%)]  46(43.40) 64(40.00) 0.303 0.581
Smoking[ n(%) | 78(73.58)  100(62.50)  3.539  0.060
Diabetes mellitus[ n(%) ]  42(39.62) 62(38.75) 0.020 0.886
Hyperlipidemia[ n(%) ] 33(31.13) 42(26.25) 0.751 0.386
Hypertension[ n(%) | 73(68.87)  111(69.38) 0.008 0.930

Time from onset to treatment 46(43. 40)
[6-24h, n(%)])

56(35.00) 3.123 0.078

TC(mmol/ml, x+s) 4.87+0.53  6.12+0.89 13.008 <0.001
TG (mmol/ml, xs) 1.72+0.26  2.13£0.39  9.511 <0.001
LDL-C(mmol/ml, x+s) 2.86+0.54  3.92+0.61 14.514 <0.001
HDL-C(mmol/ml, x+s) 1.18+0.56  1.16£0.41 0.336 0.737
sCD40L(ng/ml, x+s) 3.25+0.34  4.86+0.74 20.972 <0.001

MMP-9( pg/L, xts) 139.52+15.21 168.24+18.56 13.252 <0.001

FIB(g/L, x+s) 2.67+0.28  3.36+0.37 16.344 <0.001

WBC(x10°/L, xs) 6.01£0.65  6.89+0.71 10.232 <0.001

Fasting blood glucose 6.12£0.69  6.11+0.64  0.123  0.904
(mmol/L, x+s)

Glycosylated hemoglobin 5.89+0.61  5.87+0.63 0.257 0.798

(%, x+s)

TC: total cholesterol; TG triglyceride; LDL-C: low-density lipoprotein
cholesterol; HDL-C: high-density lipoprotein cholesterol; sCD40L; soluble
CD40 ligand; MMP-9; matrix metalloproteinase-9; FIB: fibrinogen; WBC:
white blood cell.
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B RESARSE PR S i (BESRAESE = 1 e AR
E=0),d TC TG .LDL-C.sCD40L , MMP-9 FIB }
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Table 3 Multiple logistic regression analysis of plaque

instability in elderly CIS patients

Factor B SE  Wald X* OR 95%CI P value
TC 0.564 0.247 5.214 1.758 1.083-2.852 0.023
TG 0.653 0.411 2.524 1.921 0.859-4.300 0.113
LDL-C  0.822 0.397 4.287 2.275 1.045-4.954 0.039
sCD40L  0.671 0.288 5.428 1.956 1.112-3.440 0.020
MMP-9  0.613 0.241 6.470 1.846 1.151-2.961 0.011
FIB 0.726 0.455 2.546 2.067 0.847-5.042 0.111
WBC 0.529 0.315 2.820 1.697 0.915-3.147 0.094

CIS; cerebral ischemic stroke; TC: total cholesterol; TG triglyceride;
LDL-C: low-density lipoprotein cholesterol; sCD40L: soluble CD40
ligand; MMP-9: matrix metalloproteinase-9; FIB: fibrinogen; WBC:

white blood cell.

2.4 In;E sCD4OL % MMP-9 7K L34 CIS B&
BB A TR E T RIS BT NME

L% sCDAOL X=4F CIS H& #ish kA Fa i Bk
LW RBUE R 95. 83% 75 70 88. 89% , Z T THIAR
(area under the curve, AUC) 2N 0.967, # Wi {E N 3.52
ng/ml; MMP-9 X}4F CIS BB Fish kA Fa e B2
TR A 97. 92% 55 M 79. 17% , AUC 4 0. 967, #%
WrE K 147. 33 pe/L(E 1)

1.0
0.8
- 0.6
=
g
(5
1731
0.4
— sCD40L
— MMP-9
Reference line
0.24
0.0 T T T T
0.2 0.4 0.6 0.8 1.0
1-Specificity

El1 & sCD4OL & MMP-9 7k F3$Z 4 CIS B& FzhBk
TIREBRIZET N ER ROC #
Figure 1 ROC curve of serum sCD40L and MMP-9 levels on
carotid artery unstable plaque in elderly CIS patients
sCD40L; soluble CD40 ligand; MMP-9: matrix metalloproteinase-9;

CIS; cerebral ischemic stroke; ROC: receiver operating characteristic.
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